In a previous paper (Loureiro a Janz, 1942) we compared the iodometric and oxalic acid titres of permanganate solutions under various conditions, and verified that the values obtained in titrating small samples of oxalic acid in the usual way in hot dilute acid solution may differ appreciably from those yielded by the permanganate-iodide-thiosulphate reaction. This merely confirms a well-known fact on which there is a considerable literature (see McBride, 1912; and Fowler & Bright, 1935) This greater sensitivity may eventually permit a reduction of the size of the sample required for a satisfactory estimation of calcium in serum to 1. or 0-5 ml. This is not possible with titration to the 'pink end-point', which is already at the limit of sensitivity for the amount of oxalic acid bound by 0-2 mg. Ca. The adaptation of the new method for small samples of serum requires a careful study of the errors involved in the precipitation and washing of the calcium oxalate. This subject will be discussed in a further study. 
In a previous paper (Loureiro a Janz, 1942) we compared the iodometric and oxalic acid titres of permanganate solutions under various conditions, and verified that the values obtained in titrating small samples of oxalic acid in the usual way in hot dilute acid solution may differ appreciably from those yielded by the permanganate-iodide-thiosulphate reaction. This merely confirms a well-known fact on which there is a considerable literature (see McBride, 1912; and Fowler & Bright, 1935) , namely, that when excess permanganate is used to oxidize oxalic acid and the excess permanganate is determined iodometrically, the reaction is not stoichiometric. We further ascertained that a closer agreement with theory is obtained when the reaction is carried out in strong acid solution and in the presence of added manganese sulphate. A solution containing 35% H2SO3 and 5% MnSO . 4H2O reacts with oxalic acid at room temperature and with KI in exactly equivalent proportions. This makes it possible to replace the usual titration to the 'pink end-point' by the more exact and sensitive iodometric estimation of unreduced permanganate through the iodide-thiosulphate reaction, or colorimetrically by means of a photoelectric colorimeter.
This greater sensitivity may eventually permit a reduction of the size of the sample required for a satisfactory estimation of calcium in serum to 1. or 0-5 ml. This is not possible with titration to the 'pink end-point', which is already at the limit of sensitivity for the amount of oxalic acid bound by 0-2 mg. Ca. The adaptation of the new method for small samples of serum requires a careful study of the errors involved in the precipitation and washing of the calcium oxalate. This subject will be discussed in a further study.
The present paper is limited to a discussion of the principles of an iodometri¢ and a colorimetric method, which are both more reliable than the usual titration, and to showing that their results agree closely with those obtained by the Clark & Collip (1921) 
RESULTS lodometric method
Equivalence between pernanganate and iodometric titre and its oxidizing strength against oxalic acid. The test was performed ten successive times on N/100 solutions, allowing 2 ml. KMnO4 to react with 1 ml. of oxalate standard. The expected difference in the Na2S203consumptions is 1 ml. Table 1 shows that the oxalic acid and KMnO4 are strictly equivalent in terms of iodometric titre. Coloritnetric method Application of Beer's law. This was verified by measuring the colour density of a series of dilutions of 0-01N-KMnO4 (0-2 ml. KMnO4 diluted to 10 ml. with stock diluent). Stock diluent alone was used as blank. In Fig. 1 the values of the colour density Since they fall in a straight line, the solution conforms to Beer's law.
Stoichiometric relationship between permnanganzte and oxalkte and colour density. A second series was prepared from 2 ml. of N/10 KMnO4 and decreasing volumes of N/100 sodium oxalate diluted to 10 ml. with stock diluent. The readings were recorded after 30 min. (Fig. 1) . A straight line is again obtained.
This not only confirms the results of the iodometric titration, but also shows that all available oxidant is in the state of MnO1 ions, the Mn of which is reduced from Mn" to the lowest oxidation level, Mni". Weile intermediate oxidation products such as MnO2 present, the relationship would deviate from the straight line.
Colour density of old and new permnatganate solutions. Measurements were made of four different solutions, two recently prepared and two old ones. One of these, kept at room temperature for nearly 2 years, had lost seven-tenths of its original strength. The solutions were diluted to strengths between N/500 and N/I000 and the exact strengths determined by titration. In Fig. 1 the colour values are plotted against the titre. All fall within narrow limits on the straight line previously established. The constancy of the titre-colour density relation was regarded as proved when the same constant was obtained in parallel experiments and with various standard reductants.
Establishment of colorimetric constant for Evelyn colonimeter by measurement of colour of standard permanganate solutions partiaUy reduced by standard reductants. Potassium iodide and thiosulphate, oxalic acid, ferrous ammonium sulphate and arsenite were used, but As203 was discarded because it requires heating and in these conditions the endpoint is not sharp. 5 ml. of an exact N/500 solution of the standard reductant in 35% H2SO4 were mixed with 5 ml. of N/250 KMnO4. The colour density of this partially reduced sample was measured in an Evelyn photoelectric colorimeter, as likewise that of N/500 KMnO4 (5 ml. N/250 KMnO4 and 5 ml. standard diluent). The difference between the colour density of N/500 KMnO4 (L) and that of the partially reduced sample (1) expresses the loss of colour due to the action of 10 ml. of a N/1000 solution of standard reductant. The relation between the titre and the colour of the solution measured in a photoelectric colorimeter is given by the equation and K is a constant for the colorimeter used. This is the method of choice for ascertaining the constant of any colorimeter, using Na.C204 as the reference standard. Table 3 presents the constants determined for the Evelyn colorimeter used in our work. The results with the three standards agree within the limits of their probable errors. Since, however, 4-623 ± 0-019
Ferrous ammonium sulphate 12 4-653 ± 0-042 The colour density at 520mu was measured for N/500 KM7nO, g (L) and for x/500 KMnO4 partially reduced by N/1000 standard reductant (1), and the relation between normality and colour density (a constant for the instrument) calculated from the equation K = 10-3/(L -1).
the iodometric value tends to be slightly high on account of the end-point of the titration, and since the end-point with the ferrous salt is not so stable as with the oxalate standard, the latter probably yields the most reliable value of K. With the colorimeter used the titre of a permanganate solution may be expressed by the equation Normality = 4-63 x L520 x 10-3. Application to the estimation of calciun in serum. The equation yielding the calcium content of serum, when 2 ml. samples are used, is Ca (mg./100 ml.)= 46-3 (L,20-1520).
The results of a comparison of the iodometric and colorimetric methods in three different cow sera are recorded in Table 4 . The agreement is good, and again the main difference is in the scatter of duplicates, which is slightly highet in the colorimetric series. As shown in Table 1 the new solution is capable of oxidizing oxalic acid at room temperature and its oxidizing strength is exactly the same whether it is measured against oxalic acid or by an iodometric method. This is the important feature of the method, and the conditio sine qua non for an exact iodometric or colorimetric estimation of unreduced permangan4te. Table 1 shows, further, that in the titration of a standard oxalate solution the scatter of duplicates is very small. The sensitivity of the iodine-starch reaction is such that the 'end-point error' with N/100 solutions (0-1-0 3 %) is well below the combined volumetric error of the method. This means that a further reduction in the titre of the thiosulphate standard solution and in the size of the samples to be titrated is permissible without prejudice to the accuracy.
In Table 2 colorimeter has been calibrated by the method described, the titres of unknown solutiqns will be estinated directly from their colour density. Table 3 shows that the error of this estimation is about 1 % when all three standards are considered together, much less when oxalic acid, the most reliable of the three, is considered alone.
In the estimations of calcium in serum (Table 4) , the probable error of the colorimetric method (± 1-6 %) is slightly higher than that of the iodometric (± 0-8 %). This is not surprising, even with a good colorimeter, and it does not mean that the error would increase in proportion to the reduction in the absolute colour density and to the differences between blank and experiment, if the method were to be adapted to smaller samples. SUMMARY 1. A modified permanganate solution which reacts stoichiometrically at room temperature with oxalic acid and with potassium iodide is described.
2. The use of this solution permits the uncertain titration to the 'pink end-point' to be replaced by an exact iodometric estimation of the unreduced perm ganate.
3. Application of the method to 2 ml. samples of serum is described, and the agreement with the results of the Clark & Collip method verified. 4. The colour of this permanganate solution follows Beer's law, and its colour density expresses exactly its 0oidizing strength against oxalic acid, ferrous ammonium sulphate and potassium iodide.
5. The colorimetric estimation of calcium in serum is described, and found to be in agreement with the results of the iodometric titration.
6. Examination of the experimental errors shows that, while in the Clark & Colip method the errors of titration exceed those involved in the isolation of the calcium oxalate precipitate from 2 ml. serum, the reverse is the case with the new method. This makes possible its adaptation to smaller amounts of serum.
